A γ-rigid version (with γ = 0) of the X(5) critical point symmetry is constructed. The model, to be called X(3) since it is proved to contain three degrees of freedom, utilizes an infinite well potential, is based on exact separation of variables, and leads to parameter free (up to overall scale factors) predictions for spectra and B(E2) transition rates, which are in good agreement with existing experimental data for 
Introduction
Critical point symmetries [1, 2] , describing nuclei at points of shape phase transitions between different limiting symmetries, have recently attracted considerable attention, since they lead to parameter independent (up to overall scale factors) predictions which are found to be in good agreement with experiment [3, 4, 5, 6] . The X(5) critical point symmetry [2] , in particular, is supposed to correspond to the transition from vibrational [U (5) ] to prolate axially symmetric [SU(3)] nuclei, materialized in the N = 90 isotones 150 Nd [7] , 152 Sm [5] , 154 Gd [8, 9] , and 156 Dy [9, 10] .
On the other hand, it is known that in the framework of the nuclear collective model [11] , which involves the collective variables β and γ, interesting special cases occur by "freezing" the γ variable [12] to a constant value.
In the present work we constuct a version of the X(5) model in which the γ variable is "frozen" to γ = 0, instead of varying around the γ = 0 value within a harmonic oscillator potential, as in the X(5) case. It turns out that only three variables are involved in the present model, which is therefore called X(3 In Section 2 the X(3) model is constructed, while numerical results and comparisons to experiment are given in Section 3, and a discussion of the present results and plans for further work in Section 4.
The X(3) model
In the collective model of Bohr [11] the classical expression of the kinetic energy corresponding to β and γ vibrations of the nuclear surface plus rotation of the nucleus has the form [11, 13] 
where β and γ are the usual collective variables, B is the mass parameter,
are the three principal irrotational moments of inertia, and ω ′ k (k = 1, 2, 3) are the components of the angular velocity on the body-fixed k-axes, which can be expressed in terms of the time derivatives of the Euler anglesφ,θ,ψ [13, 14] 
Assuming the nucleus to be γ-rigid (i.e.γ = 0), as in the Davydov and Chaban approach [12] , and considering in particular the axially symmetric prolate case of γ = 0, we see that the third irrotational moment of inertia J 3 vanishes, while the other two become equal J 1 = J 2 = 3Bβ 2 , the kinetic energy of Eq. (1) reaching the form [13, 15] 
It is clear that in this case the motion is characterized by three degrees of freedom. Introducing the generalized coordinates q 1 = φ, q 2 = θ, and q 3 = β, the kinetic energy becomes a quadratic form of the time derivatives of the generalized coordinates [13, 16] 
with the matrix g ij having a diagonal form
(In the case of the full Bohr Hamiltonian [11] the square matrix g ij is 5-dimensional and nondiagonal [13, 16] .) Following the general procedure of quantization in curvilinear coordinates one obtains the Hamiltonian operator [13, 16] 
where ∆ Ω is the angular part of the Laplace operator
The Schrödinger equation can be solved by the factorization
where Y LM (θ, φ) are the spherical harmonics. Then the angular part leads to the equation
where L is the angular momentum quantum number, while for the radial part F (β) one obtains 1
As in the case of X (5) [2], the potential in β is taken to be an infinite square well
where β W is the width of the well. In this case F (β) is a solution of the equation
where
the boundary condition being f (β W ) = 0. The solution of (13), which is finite at β = 0, is then
with k s,ν = x s,ν /β W and ε s,ν = k 2 s,ν , where x s,ν is the s-th zero of the Bessel function of the first kind J ν (k s,ν β W ) and the normalization constant c = β
It should be noticed that in the X(5) case [2] the same Eq. (14) occurs, but with ν =
, while in the E(3) Euclidean algebra in 3 dimensions, which is the semidirect sum of the T 3 algebra of translations in 3 dimensions and the SO(3) algebra of rotations in 3 dimensions [17] , the eigenvalue equation of the square of the total momentum, which is a second-order Casimir operator of the algebra, also leads [17, 18] to Eq. (14), but with
. From the symmetry of the wave function of Eq. (9) with respect to the plane which is orthogonal to the symmetry axis of the nucleus and goes through its center, follows that the angular momentum L can take only even nonnegative values. Therefore no γ-bands appear in the model, as expected, since the γ degree of freedom has been frozen.
In the general case the quadrupole operator is
where Ω denotes the Euler angles and t is a scale factor. For γ = 0 the quadrupole operator becomes
B(E2) transition rates
are calculated using the wave functions of Eq. (9) and the volume element dτ = β 2 sin θ dβdθdφ, the final result being
where C L ′ 0 L 0, 2 0 are Clebsch-Gordan coefficients and the integrals over β are
The following remarks are now in place. 1) In both the X(3) and X (5) [2] models, γ = 0 is considered, the difference being that in the former case γ is treated as a parameter, while in the latter as a variable. As a consequence, separation of variables in X(3) is exact (because of the lack of the γ variable), while in X(5) it is approximate. 2) In both the X(3) and E (5) [1] models a potential depending only on β is considered and exact separation of variables is achieved, the difference being that in the E(5) model the γ variable remains active, while in the X(3) case it is frozen. As a consequence, in the E(5) case the equation involving the angles results in the solutions given by Bès [19] , while in the X(3) case the usual spherical harmonics occur.
Numerical results and comparison to experiment
The energy levels of the ground state band (s = 1), as well as of the β 1 (s = 2) and β 2 (s = 3) bands, normalized to the energy of the lowest excited state, 2 Table 1 . The energy levels of the ground state band of X(3) are also shown in Fig. 2(a) , where they are compared to the experimental data for 172 Os [20] (up to the point of bandcrossing) and 186 Pt [21] . In the same figure the ground state band of X (5) known [9] to be in less good agreement with X(5), as also seen in Fig. 2(c) .] However, more intraband and interband transitions (and with smaller error bars) are needed before final conclusions could be drawn. The same holds for 186 Pt, for which experimental information on B(E2)s is missing [21, 27] . The relative branching ratios known in 186 Pt [27] are given in Table 2 , being in good agreement with the X(3) predictions.
The placement of the above mentioned nuclei in the symmetry triangle [28] It should be noticed that the critical character of 186 Pt is also supported by the criteria posed in Ref. [33] . In particular, a relatively abrupt change of the R 4 = E(4 
Discussion
In summary, a γ-rigid (with γ = 0) version of the X(5) model is constructed. The model is called X(3), since it is proved that only three variables occur in this case, the separation of variables being exact, while in the X (5) Table 1 . See Section 3 for further discussion. (5) [25] . The levels of each band are normalized to the 2 [9] . See Section 3 for further discussion.
